Biological monitoring of genotoxic hazard in the rubber industry was performed in 19 male workers and 20 age-matched controls in a local health unit in northern Italy. Peripheral blood lymphocytes were analyzed for the presence of DNA damage (single-cell microgel-electrophoresis, or comet assay) and for cytogenetic parameters (sister chromatid exchanges and micronuclei frequency, and proliferative rate index). The following bioassays were performed in urine samples: a) mutagenicity test and concentration of thioethers as markers of exposure, and b) excretion of D-glucaric acid and 6-f3-hydroxycortisol (related to 1 7-hydroxycorticosteroid excretion) as indicators of the inductive status of the microsomal enzyme system (phase-I). The exposed subjects showed statistically higher mean values of 1 7-hydroxycorticosteroids and micronuclei and lower values of 6-f-hydroxycortisol than controls, when taking cigarette smoking into account. The comet assay showed higher values for migration distance in exposed subjects than controls, although the differences were not significant at a p-value of 0.05. These findings suggest that industrial exposure in the rubber processing industry may cause genetic damage and may modify the activity level of some enzymes; these results should be considered with caution due to the small number of subjects enrolled. Environ Health Perspect 1 04(Suppl 3): 543-545 (1996) 
Introduction
A broad spectrum of chemical compounds belonging to many structural and use categories is employed during rubber processing (vulcanization agents, accelerators, activators, colorants, solvents, etc.), usually at high temperatures and pressures (1) . Some of these compounds, such as 1,3-butadiene, have been shown to be genotoxic or carcinogenic (2, 3) in both in vitro and in vivo experiments and epidemiological studies. An increase in the frequency of chromosomal aberrations and sister chromatid exchanges has been demonstrated in workers in the rubber industry (4, 5) . Furthermore, epidemiological investigations have shown an increased cancer risk arising from occupational exposure during styrene-butadiene rubber manufacturing (6, 7 With the aim of assessing the genotoxic hazard following rubber processing, we carried out a biological monitoring study involving male workers from the rubber industry and age-matched controls living in the same area.
Peripheral blood lymphocytes of exposed and control subjects were analyzed for the presence of DNA damage (singlecell microgel-electrophoresis or comet assay) and for cytogenetic parameters (sister chromatid exchanges [SCE] and micronuclei [MN] 
Urinary Mutagenicity
Cyanopropyl-bonded silica cartridges were used to adsorb mutagens, and a microsuspension-preincubation method was used to evaluate the mutagenicity of urine extracts (12, 13) . Salmonella typhimurium strains TA98 and TA100 were used, either in the presence or in the absence of an added metabolic activation system (100 pI of 10% S9 mix; Aroclor 1254-induced rat liver S9) (14) and either in the presence or in the absence of P-glucuronidase (120 U/plate).
Sister Chromatid E es and Micronucdei Test
Whole-blood 72-hr cultures were set up for cytogenetic analyses in exposed and control lymphocytes. Culture procedures, cell collection, and staining of slides were done using routine methods (15) (16) (17) . SCE frequency was summarized as the mean SCE per cell. The PRI was calculated in a total of 100 metaphases by determining the proportion of cells that undergo one, two, three, or more divisions (18) . The induction of MN was evaluated by scoring a total of 1,000 binucleated lymphocytes with preserved cytoplasm for each subject. 
Results and Discussion
The exposed and control subjects were relatively young, the mean age being 33.1 (SD=7.2) and 33.8 (SD =7.5) years, respectively. The current smokers constituted 47.4% of the exposed subjects and 40.0% of the controls, and heavy smokers (15 or more cigarettes/day) constituted 21.1% of the exposed subjects and 25.0% of the controls. No differences in urine mutagenicity were found between the exposed subjects and controls (data not shown). No biomarker was associated with age, and no correlation was found between the biomarkers except a faint, inverse correlation between DGA and 6[P-OHC (r, = -0.49).
At univariate analysis, the mean values of urinary DGA and 17-OHCS were significantly higher and 6P-OHC was lower in the exposed subjects than in controls; no difference was found regarding thioethers excretion (Table 1 ). The comet assay showed higher values for migration distance (MD) in exposed subjects than in controls, although the differences were not significant at a p-value of 0.05 (Table 2) . MN frequency was significantly higher in the exposed subjects than in controls, whereas no difference was found for SCE (Table 3 ).
The exposed subjects who had worked 10 or more years in the rubber industry when interviewed did not show higher values of biomarkers than those who had worked for less time. Significant differences were found among the factories: the workers (n= 4) in one factory showed significantly higher mean values of thioethers, SCE, and comet assay than those at the other factories all together. The association of smoking status was significant with SCE (p = 0.03) and at the limit (p = 0.06) with MN frequency among controls only. No analysis could be performed regarding the number of cigarettes smoked per day or the number of years of smoking because of the small number of subjects.
Finally, a series of two-way ANOVAs was performed, including each biomarker as an outcome variable and smoking status and occupational exposure as dichotomous independent variables. The exposed subjects showed lower mean values of 60-OHC (p = 0.02) and higher values of 17-OHCS (p = 0.00 1) than controls, while no effect of smoking was found. Furthermore, MN frequency was found to be higher in the exposed subjects than in controls (p= 0.02), and only a faint effect of smoking was found (p= 0.06).
The preliminary results of this biomonitoring study suggest that workers in the rubber industry are exposed to compounds able to interfere with the DNA structure; this was shown by the higher MN frequency and the higher mean values of MD in the exposed subjects than in controls in the comet assay. The presence of mutagenic/carcinogenic compounds in the working environment have also been monitored using chemical methods (nitrosamines in the air) and biological tests (Ames test in the particulate and Tradescantial micronuclei test in the total air samples). The results are under study.
The results regarding biomarkers to estimate the induction of the microsomal enzyme system (DGA and 6[-OHC) are not consistent and deserve further investigation.
